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Pilant

e v re————

Colbert. Station of Tennessee Valley Authority.

-

Type of Plant

Coal-fired electric power generation plant. 200 Mw

-

14 .

| c‘anaéity .
‘”3".:":..11}&?”5}9115 |
¥lyvy ash emissions from pulverized fuel boiler. Particle
size distribution is not krown but should be typical for othexr
TvA plants and around 10 microns mass median diameter. Dust

hurden of effluent gases is around 3 to 6 g/mm’.

Type of Anti-Pollution Device

Electrostatic precipitators are used for control of particulate

D

missions. Precipitators are manufactured by Lodge-Cottrell.

;w
y

ign effi 1¢ncy 15 899%. Mechanicals of low .efficiency (30%)
;ara used precedlng p1°c1p1ta;or).

Kaacoﬁs for Choice of Pl ;t

Thlf lnsiallat;on is of 1ntcrest hccause 1t represents
.}_’};.EClpltc‘tDr upmratz.on én a boi le.r bum.rzg hlgh sulfur coal. (crc:n_m 3%) that
“produces a low resistivity ash. .
#lue qas uemperatu:es are lower than would be normal for coal
.ﬁ&itﬁ this amaunt of ulfur in coal. "The pracxpltators reurasent
5 vp;aal Furopean type design with supported elgctrodes and
*mﬁj‘.l ‘LLJ”&C@L, ranpDers.

Tant Plan

sroposed tesits would lncxude the following:

ot zad ovtlet dust burden.

,‘M 1
‘.«.a
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Electrical data from precipitators.
Fly ash analysis.
Coal analysis.

Gas analysis (SOs, SOz, NOx, etc.).
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Plant

Qe —

Navajo Power Station, Salt River Project.

Type of Plant

Coal-fired electric power generating plant. 760 M¢ capacity.

Emissions

Tly ash emissions from pulverized fuel boiler. No in-situ
particle size measurements are available but would be expected
t0 be approximately 6-10 microns MMD.

Type of Pollution Control Device

EBlectrostatic precipitators located upstream of the air
pfeheater are used for particulate control. These precipitators
were manufactuked by the Western Precipitator.Divisiqn of
Joy Manufacturing Compény. |

‘Reasons for Choice of Plant

-This plant is of interest because it represents the
high temperature approach to solve the high resistivity dust
ipreblem.typical of the low sulfur coals.

The proposed tests would incluée:
-1&*?Inlet~and“outlst”dust"bur&eﬁ;ffi””

2? Inlet and ocutlet particle sigé distribution.
3. ~Eléé:trical data from péeciéitators.

#. ¥ly ash analysis.

« ©oal analysis.

s,
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Plant
Widows Creek Plant of Tennessee Valley 2uthority.

Type of Plant

Coal~fired electric power generating plant.

et e mmed ea oy T e e

A OS2

¥Fly ash from pulverized fuel boiler. Particle size of fly
ash to dust control equipment averages around 20 microns. Very
low efficiency precipitator is preéently ihstalled,giving about
50% collection.
Zype of Anti-Pollution Device

Wet scrubber of the turbulent contact type (TCA) is used
for combined SO:; and particulaté Eemoval. Four scfubbers_are
‘conhected in parallel following the preéent precipitator. Gas
‘volume to scrubbers is appromimetely 750 M®/sec. Pressure drop accross
gexubbers is 37 - 46 g,  Efficiency for S0, removal
is expected to be 80%. Design exit &usﬁwbﬁrden is :64-§/Nﬁé:u

Reason for Choice of Plant

Thiz plant is'éﬁ axaﬁple of a ccmbinéd sz—pérticulate .
scrubber of the TCA type. It will be a new installation and
';sh@uld represent the latest design cbncepts¢-

” The following tests ave proposed:
L. Inlet and outlet dust burden.
%. Inlet and outlet particle size distribution.

3. Liguid flow rate.

4. Gas volume. .
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Pressure drop across scrubber.
pH of scrubbing fluid entering and leaving scrubber.

Gas analysis.

Fly ash analysis.
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Sunbury Plant of Pennsylvania Power and Light Company.

Type of Plant 7 .

Auuhraﬁzte coal-fired @leCtTAC power genexatlnq plant
About 85 1y capaci ty boiler. ’
miﬁﬁﬂg@ﬁﬁutf'nﬁw1y4,wnp,Jm,ﬂy,:mwr i

No data are available on character of emissicns. Unit five bhurns
low sulfur (.8%) coal and petroleun coke. Ash is reported to |
~_have high resistivity, hence the decision to go to fabric filters.
Particle size of the dust is not known, but should be typical

of PF fired beoilers. Coal has rather high (30%) ash so inlet

7éust burden should be reasonably high.

Type of Anti-Pollution bevice

nAwac flltE“S are 1nstalled for partnculqte control. Each
'19011er has its own baghouse, each bawhouse has 14 compartménts -
arrangéd in 2 rows of seven compartméhtsveach.' Each ccmpartment
contains 90 teflon-treated glass fiber bags. The total number
- of bags is:1260 per baghouse or 10,000 M? of filter ares per baqhmuse.-r'-
“he gas flow is 100 M?/sec at 160°C per'baghouse.

:E sian efxlrlencv is better than 99% Wlth a guarantéedrex1t‘
“dust burden of.Q035qmy$ . |

song for Cholce cf Plant

o3

This plant represents one of the few fabric filter dus

chllectors on large electric rower bollers.

Approved For Release 2001/08/27 : CIA-RDP79-00798A000800030017-9



_Approved For Retetise 2001/08/27 : CIA-RDP79-00798A069800030017-9

Tert Plan

A i e

" The following test data is proposed:

5
e

1.

-
Cx A

5.‘

Inlet and outlet dust burden.

Inlet and outlet particle size‘distribqtion,
Pressure drop‘acxoss-filter;“j; L

Gas analysis.

History of fabric filter replacement.
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Pl@nt

TN D et

Tampa, Florida plant of General Portland Cement Co.

Tywve of Plant

- Dry process cement plant. - -

No data are available about the dust emissions from the
cemant kiln of £his rlant. In genexal,‘kiln emissions would
be bimodal with the large amount of the dust being relatively
coarse (20 microns MMD). Smaller particlée size dust is
generally created by vaporizaticn and subsequent condensation
of the alkali in the féea. Dust loadings for this planﬁ are
expected to be in the vicinity of 40 g/¥m®, although data are
not available at this_timgf |

Tvpe of Polluticn Control Device

An electrostatic precipitator is used to control emissions
from the cement kiln. This precipitator is of the wire-

weight=-type construction. Design efficiency is around 59.8%.

¢ e e o i o A
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Reason for Choice of Plant

whis installation is relatively new and constitutes

the present state of the art for control of cement kiln

-

P ~

':emissions;. T . -
Proposed tests would include the following:

1. Inlet and outlet dust burdeﬁ.

2. Inlet and outlet particle'size distribution.

3. Flectrical data from precipitators.

4. Analysis of dust.
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Novel Devices

e Lant

e rinn

Tamnd p1dnt of General Pcrtiand Cement Co.

| viyp@ Qf Plant .

Dry process cement plant.
IZmissions

smissions from the klinker cooler have not been
characterized from this plant. Inlet dust burden from

+he klinker cooler is estimated at around lé_g/Nmsa

- Pyre of Pollut*01 Control Device . -

Ensrmsr AT e

& gravel bed fllter is used for control of klinkex

osoler emissions. The installation cons lStS Of two flltercw

'~mﬁmufacfure& by Rexnord., . Gas volumes are 3 M3 /se and: - S T

-A.POB&/Luc - at around 100°c. Exit.dust_buxdéisvbflbs008

g /Nm® have been measured at the outlet of the fllter.
. Pressure drop across the filter is a_,;:oq;r,ui_, 1_5, —lSm*ﬁg
Pach Filter is preceded by a mechanical cyclome. -~ i oo v

Svaten operates with a back flush and s*lr cvcle for cleazning

the filter.. .. . .
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Rgason for Cno*ce of Plant

This installation is one of the few §ravel bed filters

installed in this country. It has workéd satisfactorily

,,ffxom a me;banlcal stanapoxﬂt and should glve data fram whwch

B 7.5 thrapelate performance to other types of service. ¢ T

fest Plan
Proposed tests would include: .
1. Inlet and outlet dust burden.

inlet and outlet particle size distribution to

2
e

cover particle sizes down to 0.0l microns.

3. Pressure drop across filter.
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Plant
McWane Cast Iron Pipe Company

Xype of Plant ..ol een oo e Lt

CdStltOnplpe shop R : e

iron :m melted in & conventional iron curola. Dust
cuissions vary widely in magnitude and composition depending
upon the charge (type of scrap, etc.) and on the operating
cycle.. Emissions from cupolas vary in size depending upon
the blast volume as well as the charge. Average particle size
is expected to be about 1 micron MD with a standard deviaticn of about 2.
st burden to mntmlmdevi.ce is arourd 3g/md.

- dvpe of Artd-Pollution Devige - .. o

. Venturi - rod scrukber with a pressure drop of 280 om water is used
for dust emission control. Serubber is manufactured by Environeering
Yoo, Efficizncy is ammd 99%.

Aeacons for Choice of Plant - .

- 2hic is a high erergy scrubber coerating cn a fine fume.

Approved For Release 2001/08/27 : CIA-RDP79-00798A000800030017-9



Approved For Rekease 2001/08/27 : CIA-RDP79-00798M800030017-9

Piant Cherokee Plant of Public Service Ooapany of Colorado
Type of Plant

Coal fired electric power gererating plant.

mg f3icns

F.w &h mqmné fn:m wﬂxr:rlz& fual ejectrlc pc»:er boz_lc.x.
frist Burden Frem pl;nt by mi 6-10" q/’l\lm . Plant is mu:.poed
with mechenical cvcleone so that dust burden leaving cyclone is
m::mim‘i 1~2 g/1an®. Particle size of the dust is arcund 2-5 micyons

D,

“

vpe of Anti-Pollution Device

The mechanical cyclone dust collectors are followed by a
parailel arrangement consisting of electrostatic précipitator
which recaives 40% of tle flue gases and a Turbulent Contact

m@crc!x ( .) am:mba. wm.ch hmrues r:O% o.. th,@ il.\:'a g:’%e .

STy T T

%ﬁz"jm_r“ are ::u,rat..d cpen loo*: wlm m affori, to remove aO
".'e.J'Lmqh shout 40% reduction is achieved if fly ash is basic.
:rr?xm%sure drop AcK0SS scritbers is around 22 m‘»{q.
Mo data zre avaﬂ,agﬁ o efficiency of the c:rwbe.r.
' - Crepdes OF Tf‘j_ 2y -
Seere is casiderdbla interest in GCA type soruhbers in ~=
*&,n,m a:wt/. ey 3.93 mmﬁm@e of re;lat_ 5 veiy hlf_ﬁ,h T e

-

atficiensies of muall particies with Wrate

4 zu : droms.  This is one of the few TCA sendbers

=1isd on elsctyic power boilers.
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feason for C"nmc}d of Plant

The plant was selected because 1) the particle size of the
dust is extvenely fine; 2) very little data are available on

cortrol of endssions from glass plants and 3) the precipitator

is of wusual’ cesu*wn S e s
. Test Plan

LR -

The fo:&a@rg measurements are p}zmhed..

il. Inlet and ootlet dust nrden.

2. Inlet and outlet particle size analysis. Because of the
smell particle size of the dust, measurement techniques
will concengrate on particles of less than 1 micrcon diamster.

3. Gas analysis. |

4. analysis of dusﬁ _ocmposition.

5. Irecipitator electrical cperating conditicons.

S8, st resistiviey, R T
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TestPlan |
e following tests are propesed.
1. Inlet and outlet dust burden and gas volume.
2. Inlet and c:udet particle- size dl.,trlbutlan.
o3, Lvrjmd Elow rate. S C o
1. Fly ash- axmly‘aj.s.- l
5. Gas analysis at scrubber inlet and omlet.
. 6. Pressure drop across seminber.
7. pH of.' scrubbing fluid entering and leaving scrubber,

atlanta Plant - Owens-I1linois

" Type of Plant-

Plate glass menufacturing facility.

SRR

?m. ss_rm;s; :f.rrm c:zr.,;,s furm.ce.‘ (25 vmlunes of amm 20 Ms/sec'.
- are expected.  Particle size of the efflusnt is e*ctrmhr small Wlth |
35 to 978 less than 1 micron and 20 £o 20% less than 0.2 microns.
Sinlet dust burden exvected is amaxxi 2t .1 4 g/ng

] oJ: Zmn. 1«37 1ut-mn D=v1c=

“his plant ubilizies an electrrs static precipitator of the
,Eﬁn@m Aix E‘th&r Co. (I\E\FOD) desmm. Owai-Ilhmxs z,s lwansed
in ﬁ*; « 3. for the a‘*«fmxmt:tmr ard there are five plants in the

i858, "i";sf this type. Desicon mflc:z,enqv is arcund 90-95%,
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STATUS OF DEVELOPMENT OF METHODS
FOR CONTROLLING NOy EMISSIONS FROM STATIONARY SOURCES

In Accordance With Project B-8 Of Protocol Of 2nd
Meeting Of The US/USSR Working Group On Stationary
Source Air Pollution Control Technology
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1.0 " INTRODUCTION

In the United States approximately 98% of nitrogen
‘oxides emissions from staticnary sotlirces are generated in com-
bustion‘proCeésés.‘"Cohséquéntly; the program for devel opment
of nitrogen oxide control technology for stationary sources is
oriented toward combustion sources. Particular emphasis is placed
on coal combustion in utility and industrial boilers. Objectives
for short-term solution of this problem include wminimization of
‘nitrogen oxide emissions via combustion modifications, identifi-
cation of combustors with inherently low NO, emissions, and
development of flue gas cleaning methods. Primary effort is
being exerted toward achieving the first of the objectives. At
the present time, the most promising techniques for control of
stationary combustion sources appear to be low excess air firing,
flue gas recirculation, staged or off-stoichiometric combustion,
and ccmbustor re-design. The state-of-the~art in combustion
modification is presented in Section 4.0 of this document.
Reséarch in fundamental chemistry of NOX formation is reviewed
in Section 2.0, and the next section briefly describes the
_'curreit state of progress in clean fuel technology. In Section
. 5.0, flue gas cleaning methods are presented.

The majority of information contained in this paper
was cobtained from two recent documcnts prepared by the Control

TR

'Systemq Iaboratory, Natlonal Env1ronmontal Reqeavch Ccntel R
u. §S. hnv1ronmental Protection Agency. This group is respon51b]e
| for re>earch deVelopmeﬁt, and demonstration of processes and
equipment required to control air pollution emissions from

stationary sources.

Approved For Release 2001/08/27 : CIA-RDP79-00798A000800030017-9
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2.0 CHEMISTRY OF NITROGEN OXIDES FORMATION AND
DESTRUCTION

Fundamental combustlon rescalch studles have been » _
"undcrtahen to define the chemlstry ‘and phyqlcs of pollutant for-
mation in combustion systems. The results obtained from small-
scale, idealized combustion systems provide the fundamental
understanding necessary to develop optimum NO, control tech-
nology for larger scale application. There are three categories
of these basic studies: chemistry of pollutant formationj aero-
dynamics or physical factors affecting pollutant formation; and
mathematical simulation of pollutant formation in combustion
systems., |

NO, may be formed during fuel combustion by fixation
of atmospheric nitrogen (thermal NO,) and/or oxidation of fuel-
bound nitrogen. The chemistry of. thermal NO, formation may be .
described by the Zeldovitch reaction mechanism by which atomic
oxygen reacts with molecular nitrégen to produce nitric oxide
plus atomic nitrogen. This reaction has a high activation.energy,
and, conqequently is hlghly temperature dcpendent Availability.
of aLomlc oxygen formed during high temperature combustlon also
must be consndored A c‘econd NO producing reaction consumes
molecular oxygen and atomic nitrogen which is produced as a by-

product of the first Ieactlon, Rate constants for these and

‘other reactions have been evaluated and experlmental conflrmatlon

of the mechanism and kinetics is underway.

The sccond source of NO, is conversion of nitrogen
chemically bound in most solid and liquid fossil fuels. The
mechanisms and chemistry involved are under investigation. The
results published to date indicate that this chemistry is rela-
tively independent of temperature and that ~50% of bound N

Approved For Release 2001/08/27-: . CIA-RDP79-00798A000800030017-9
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is converted to NO while the remainder is converted primarily to
nitrogen although other products may be formed., The degree of
conversion to NO depends on available oxygen; thus NO formation

can be reduced by combustion in a fuel-rich atmosphere. Experimental

:mdecpmpositionnﬁtudies;ofnselectéd=purewN-containing~c0mpouﬁds?haVe””w*f*

shown that below 1000°C organic nitriles are formed as inter-
mediates, while HCN results at temperatures above 1000°C. The
major combustion product of heavy fuel oil is HCN while that
of coal has not yet been determined. A second phase of this

study will emphasize conversion of these primary decomposition
products to nitrogen oxides.

Another related topic is the chemical reduction of
NOy in fuel-rich regions of thc flame. Oxides of fuel-bound
nitrogen are the pollutants under consideration here since ther-
mal NOy is minimized by control techniques in a fuel-rich atmo-
sphpre. Studles are in progress to define the chemistry of this

ype of reaction and to assess the appilcablllty of catalysts to
this phenomenon. - ' '

The physicat phéhomeﬁa‘inVOIVed in pollutant formation
‘determine the actual conditions which ex1st w1th1n the flame"
“zone. ' This zoné s typically nct of bomoe encous comp031tlon
since in most burners fuel and air enter separately and mixing

occurs within as a function of burner design. In one study the

3ﬂxfl&w*fiel&?@ropértieS*arefbeing’inVéstigétéH’iﬁfaﬁ”iﬂedl’Siﬁglé’”ﬁ“5“f”“

burner combustor as a function of fuel and air inlet parameters.
Tn an earlicr program the relationship between flame quenching
and NO, formation was studicd. Another EPA-funded experimentatl
program 1s now underway to establish the role of flame inter-

actions in multiple burner designs.

Approved For Release 2001/08/27 4 CIA-RDP79-00798A000800030017-9
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‘Several programs involving mathematical simulation
~of pollutant formation in combustion systems have been funded
by EPA in recent years. The goal is to develop a general model

for the chemical and phvs1cal processes of combustion based on

“results obtained Tfrom- experlmtnta] studies:  In one such’ study"“*“”’“““

a computer technique is being developed to evaluate kinetics

of numerous simultancous combustion reactions and to screen the
reaction set to determine key reactions. Presently, the model
incorporates two simplified flow fields, the stream tube and
‘the well-stirred reactor. Also under development is a computer
code for rigorous solution of the Navier-Stokes flow equations
and, in a separate study, the transition state theory for esti-
mating kinetic rate constants.

In a related area of fundamental research, in-house
work conducted by the Control Systems Laboratory is currently
-centered around combustion and emission characteristics of uncon=~
ventional fuels of potential future importance, e.g., methanol.
Equipment avalldn‘e on-site to conduct these studles includes a
g_verqatLle 300, OOO BTU per. hour ‘experimental furnace with pro«
vision for D“eC]%C control of combustion parameters. The ap-

. paratus can.also, be cemployed. to .study. .combustion modification. ..
techniques in a varlety of appllcaLLons

[
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3.0 ‘CLEAN FUELS

Most of the emphasis in clean fuel technology has

been on development of desulfurization and deashing processes.

~ Redueing. the nitregen content.of. fuels has received relatively. . . ...

little attention as a means of NO, control.

Studies on coal composition and treatment relevant
to potential nitrogen pollutants include surveys of chemical
analyses for sulfur, nitrogen, and other species present in
U. S. coals. Characterization of effluent and process streams
in coal cleaning processes is being carried out to determine the
fate of potential pollutants. In addition, high versus low
temperature cleanup of raw fuel gas is being evaluated specifi-

cally for NOy control.

}01 011 agaln a survey of reported data descx1b1n"

.que] comp051t10ns is belng conuuchd ' For hlgh nlurogen oLlsAJ‘NZMM%mww
- a research project is in progress dealing with the kinetics of
simultaneous hydlodesulfurlfatlon and hydlodenltrogenutlon 01
‘jJQUld fuc]c; Of interest are Lhe conditions under which thc -
two types of reactions are mutuolly competltlve or beneficial.

e régilts of this . study may hdve'. future aopllcntlon to the

production of clean fuels from coal or shale oil.
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4.0 ' COMBUSTION MODIFICATIONS

The chief thrust of NOX control technology has been
made 1n ths area. The most promising combustion modification.,l
tcchnlque lnclude low excess alr flrlng, flue gas recirculation,

fstaped combuqtlon and cowbustor redcul&n To' date,-appchatlon
of these techniques to gas and oil-fired utility boilers has
reduced NOX emissions to levels as low as 70 ppm in some cases.
In a 1970 field study it was found that, in general, 50-60%
reduction can be achieved with gas- and oil-fired boilers.
Application of these modifications to coal-fired boilers was
less successful; operating problems resulted and less eofficient
NDX reduction was achieved. Some short-term tests resulted in
up to 50% reduction. Coal-fired units have since been emphasized,
however, in current and future programs for NOX control. Reduc-
tion of excess air level and staging combustion resulted in an

average 40-507 reduction for a number of coal-fired boilers

“reredentiyetestedi Foreall type§tof boilers ) burtier and Fayngea o i s mes

desngn modlflcatlons have proauced w1dcly varylng results in

NO emissions. In ccnexal however, tcngentlal firing reqults
“int iowest pollutant emission in both controlled and ‘uncontrolled -

- cases. .Table I presents ranges of NO emissions. typical of ‘
various_types~0f:ut111ty.boxlers-at fu11~andgreduceduloads,_with.
and without combustion modifications, as‘compiled by Berkau

(Ref. 1).

£l nggxigngﬁﬂxodlflCuilﬁn }ethodq

A brief overview of the most important combustion modi-
fications is presented below. A brief cost analysis is also
included. Table II presents a summary of estimated investment
costs {or each technique newly installed as a function of fuel
and plant size. The following load factors were used as the

basis for these estimates:
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Boiler Size (MW) Annual Operation (hrs)
750 and 1000 6120
500 ‘ ... 5620
B0 a2
.IZOCK,_{WH.;;gww.-,._q,wf~v_?21§O+A

Operating with low or minimum excess air has been
practiced alone or in combination with other techniques in
gas- and oll-fired utilities since the early 1960's. Applica-
tion to coal-fired units is more complex, however. Up to 35%
reduction in NO, can be achieved on gas— and oil-fired boilers,
and 497 reduction has been demonstrated on a commercial, tan-
gentially-fired coal boiler (Ref. 1). The use of this technique
is reported to increase boiler efficiency by 0.5-2% and even
reduce maintenance and operating costs.

While reductions in NO,
emissicons

as high as 70% have been observed in pilot scale coal-

.rtaﬁixedﬁunits;wﬁhe'reductions:hayeJEEeﬂ.acccmpanied*byﬁreﬂuc%ibﬁﬁw:ﬁfJTEﬁWJ

)

in carbon conversion efficiencies from 99.5% (20% excess air) to
96.2% (24 excess air) (Ref. 3.

T U TEL S P
N 4

Staged co“bastlon and off-~ SEOLchlometrlc firing are

<

ulmilol cechnlqles. The. f?rst involves burner operation with -
90-95% of stoichiometric air admitted through the burners with
the balance through "NO ports'" located above the burners. The

second modification 1nvolves fLI“HU lower set of burners fuc]-

% Lhaty D,

“TlC[ andlﬁppér Bﬁinels ruel 1earhor w"Lh air only ’ Em1551ons
from gas- -fired boilers have been reduced up to 72% with either
n;‘horh oF these techniques OlL'flLQd units have achieved up
to 55% reduction. Results from coal-burning units are in the
area of 60% reduction, and are independent of fiving method.
Recent t&sts‘with an experimental coal-fired unit resulted in
50% veduction with very little loss in carbon conversion

nificiency over conventicnal combustion. Staged combustion in
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combination with low excess air operation is the most common

combustion modification employed.

Flue gas rLc1rculatJon has been practlced for temperatule .

control’ durlng reduced load opematlon for over twenty yealc

Tt More. recently 1tghas been,found”effectlve'for~redu01ng-thefmal*f”

NO_, as much as 70% for gas- and 50% for oil-fired units.
Approximately 50% reduction of emissions from an experimental
coal-fired boiler under conditions of 30% flue gas recircula-

tion was recently reported (Ref. 3). However, significant
reduction in carbon combustion efficiency was also observed.
Investment costs for this modificatidon are higher than for other
techniques. Costs are expected to be particularly high in applica-
tion to coal-fired boilers because of anticipated ash and slagging

problems.

The effectiveness of water injection as a thermal NOy

s . .
T M)

gentiol tedhniquesis’ due £d f Lame itemperdtute reduction, HUThTe wke ma e

method 1s cspec1ally appllcable to gas- Llred un]ts equ1ppcd for

stanaby o1~ firing s since the .o0il atomlzers serve as convenlent

“rater injectors.” "While great NO, - reductlons have been_reporteﬁt””“”“””“

- .{67% for 250 MW gas-fired. vnit), - loss, in boiler efficiency is a .
~related effect. (1=6%).

4,2 Current Studies for Development of Combustion

,_ModliLLatlon Techno]ov* o

.- .Results of laboratory-, pilot-, and commercial-scale
té&sts are being used to develop conoustLon modelcatlon Lochnolo“".
Several studies have been conducted to determine base-line NOy
emissions from uncontrolled conbustion units fired by fossil fuels.
The effects of varicus combustion parameters for NO, emissions have
baen investigated on all levels. From these results. combustion
nodification techniques were evaluated and the most promising ones

ava current iy bewng Losted on commercial units.

Approved For Release 2001/08/27 | ¢1A-RDP79-00798A000800030017-9



7rexceLa‘alr ‘while: peak concentrations ocetr at 22% of more

+
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~Single gas burner design parameters and the influence
of excess air were investigated to determine the rclationship
between combustion, aerodynamics, and air pollution emission
cba“ﬁctQV1sr1cs f01 Iive burner types. _The study showed that

‘rﬁdld] gas lﬂ]ECLlOﬂ produces peak NO formatlon at 11% or les%.“.j

excess air for axial gas injection. Changing from axial to
radiael injection results in greater NO cmissions. Measured NO
production also increases with increasing air preheat, although

the magnitude of the increase depends on burner design.

Similar studies have been conducted with oil-fired
burners. Flame zone flows and combustion characteristics were
determined in a cold-flow, hot-fire single burnetr system. The
experimental results were used to optimize burner designs capable
of achieving 45-50% reduction in NO emissions compared to con-
ventiocnal oill-burners. Perpnndlculqr combustor confzburatlons
e found fto  give higHer ‘NO, emissions  than coaxial conflgurarlous
for &1l burners tested. . In an. evaluation of burner parameters
for heavy oil-fired packaged boilers, staged combustion and flue

‘gas”recirculation resulted .in 40% and 30-40% reduction in NOy,

PETR

resgpectively, . These results will be. further tested in..two planned.. «::

field units.

Single-burner studies of coal-fired burners were conducted

ko, drtermjne ef £LCflVL NOy, .control tecbniques.and. £o. identdfy v puwy oty

.pOLGHtldl-pLOD]Gm areas in boiler cperation and loss of thermal
efficiency. Results indicated,that.simultaneous cantrol .of .excess
atr, air precheat, and load was the optimal approach for coal-fired
boilers. Aftev furtber tests at a pilot plant level, use of either
staged combustion of delayed fuel/ajir mixing was recommended., In
cases where implementation of this modification involved wide

separation of the two sources of combustion air, severe problems

I I
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studied,
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with slagging and corrosion were reported. These did not occur
1f the design allowed for progressive mixing in individual burner

zones. Field tests of staged combustion are planned.

Results of other pllot- cale studies arc also avallable

Tests were conducted u51ng & 500 1b/hr 4 burner experlmental

coal-fired boiler. Reduction of excess air from 20 to 2% resulted
in 70% reduction of NOX emissions. However, carbon conversion
efficiency was reduced from 99.5% at 20% excess air to 96.2% at

2% excess air. A 56% reduction was achieved with overfire air

injections, and Staged combustion gave 47% reduction with negli-

gible reductions in carbon conversion efficiency. A reduction of
NOy emissions of 43% was measured at 31% flue gas recirculation,

‘but carbon conversion efficiency was lowered from 99.5% to 95.9%,

These studies are being continued in another one- year

Gtudy.. The ODJGClee is to evaluate etaged combustlon qno pO%SWbLﬂ

PR N

" overfire alj'Jniﬁctlon onvé 125 MW wall- coal-fired ut111 £y boiler,

Long-term effects an unit operation and corrosion will also be

"ﬂﬁApplicatinnxof similar combustion modlflcatnons on: a
tangential=codl- fired" 125 Mw utlllty boilér is also undet sLudy
Evaluation and opt imization of combustion technique employing

overfire air ports will be performed. Agdin, long-term effects

b@n un&L;p@rkmrm&nﬂe«andwfmres1deﬂcﬁfrosionﬁwiliﬂbé“Qtudi&df**”’“““““*
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5.0 'FLUE GAS_CLEANING

While flue gas cleaning is considered one of the near-
- .term solutions for NOy. control,. the development of gas cleaning ..

methods -is l@SS{@dvanced'thén that.of combustion modification.

CThére dre SevErals procésses which aré “under invéstigation @t 'the "

present time. Each of these is discussed briefly below.

@]
;l__l

Molecular Sieves

Molecular sieves are alkali metal alumino silicate
crystals which dehydrate without collapse of the mineral struc-
ture. The pores in the rcemaining crystal lattice are of uniform
molecular size and are capable of readsorption of water or other
molecules. These materials can withstand repeated adsorption/
desorption cycles. Selective adsorption capabilities are achieved
via synthesis of pores of various sizes. »

_ In a joint demonstration by EPA and the U. S. Army,
a molecular sicve sythﬂ retrofiLLLd on a >O ton per day nltrlc

“acid plant is being tested and evaldited. - Stavt- ~up was scheduled’

~for-March, 1974, .The objectives of.this program dre-to determine .. =ww.

- therc¢conomics and operating charvacteristics under this typs of ™~ -
application. The results could possibly lower NO, performance
standards for new nitric acid plents by a factor of 10 to 20;

wothe current standard.ds 3.1b NO,/ton of .acidepraduced. . 4 sy e

5.2 Catalvtic Reduction of KO.- with Ammonia

The feasibility of reducing NOy, emissions from natural
gas-fired bojlers by catalyzed ammonia reduction is currently
being demonstrated. The system is being tested on a pilot plant
scale at the Valley Steam Plant, Los Angeles Department of Water

and Yower, The flue gas flow rate is 250,000 scfh.

Approved For Release 2001/08/27 : CIA-RDP79-00798A000800030017-9
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Ihe flue pas is contacted with ammonia and the gas
mixture is then passed over a ceramic monolith coated with
platinum. To date 85-90% reduction of NOx has been achieved
at 450° ¥ and space velocities of 45,000 reactor volumcb per hou1.

' Cdntihﬁéd’parametrlc and 1on':* Lerm Lestlng is planned

Torede e e e T e e e T T e B R A N " Pl WLt R T e e T e Y e
. A . : S
XA FECE I . A Lot

SRR

'y

5.3 Catalx§ts fqgmggntrgk}ing NO, Emjssions

-

A recently completed one year program had as its
objective the review and evaluation of domestic and foreign
~developments in catalytic NO, abatement, determination of the
technical and economic feasibility of such schemes, evaluation
of their application-to power generating plants, and identifi-~
cation of the most promising techniques for this particular
application. Both selective NOy, reduction with ammonia and
nonselective simultaneous O, -S0, reduction with CO and IL,
appeared promising catalytic methods. A process for nitric
,“Qxidetdecampositionwen.plaﬁinum;resulted;im-59160%,NQ»;rgmoyalg;yagw
in laboratory scale experiments. Platinum-based catalyste exhi-
bited high activity at low temperatures for selective amméniacal
.Cleductzon of flue gases from plant fired w1th sulfur- free fuelﬂ;w

For ‘the majo lty of QXlStlnF powel plants howevel SO rGSLstant

I

nor—nﬁble nbtaL catalyqts such as 1ron ch:omlum Odee and van dla _
Jppearcd more promising for this reaction. The slmh1taneouq NO
S0, reduction schemes on non-noble metal catalysts were a less

feasible dnphouch for ex Lshlng plante but ‘were - iavordbly con-

"31dpfed for new nuwer plnnts.

54 Reducticn oF her7C Oxide with Met _l“Sn1FWdeq

The recsction between a metal sulfide and nitric oxide

to focm metal sulfate and molecular nitrogen has been investigated

-t

by thermodynamic calculations and preliminary laboratory experi-

maente. Seventacn different metal sulfides were tested and found

b
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to react witi: 0. Reaction temperatures ranged from 650°C for CdS
to ~ 100°C £ ¥,S. Many candidates can be eliminated on the basis
of typical filue gas Lemperatures being in the 150-1757C range.
Those which merit. further investigation at this time.include

the sulfides of calcium, barium, strontium, and iron. TFollpwing. @ .~

< UfurtherTsereéning studics) "an' economic analysis will beé performed. 7
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6.0 SUMMARY

The current status of nltropon oxide control fxom
LaLJonary sources in the United States has been reviewed.
.qlnce,QBA.of.NOX;emlsslonsﬁln thls;category‘are gemerateduby'
combustion processes, the emphasis of the program is on com-
bustion sources, especially coal-fired bhoilers.

Methods of NO, abatement under investigation include
~combustion modification, flue gas cleaning, and, to a limited
extent, clean fuel technologv. Some forms of combustion modi-
fication have been in use for a number of years and have been
found effective for reduction of NO, emissions. from gas and
oil~fired boilers. Application to coal-fired units is now in
the development stages. Burner design parameters and fuel type
also influence pollutant formation. Flue gas cleaning methods

Lsundergovernment study. are molecular sieves,. catalytic .reduction: ..
with ammonia and other chemicalL, and reaction with metal bu]fldes.
DGNOHGLI“thﬂ‘ of manv of these conrro] methods are current]y .

in progress or planned in field tests.

2
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